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New Approach of High-quality Agricultural Development in the Yellow River Delta
Abstract
The Yellow River Delta is the world's youngest delta and new land, also the youngest ecosystem. Its
ecological environment is fragile, and the interaction among the river, the sea, and the land forms a unique
geographical environment. The salinization of land and the wide distribution of saline land are two of the
main features of the region, and agriculture is one of the leading industries in the region. Agricultural
development is related to the efficient use and rational distribution of water resources in this area, related
to the protection of the estuary wetland and the ecological environment of the whole region, and related
to the efficient development and safety of land resources. It is also about the overall development of land
and sea, as well as about the revitalization of the countryside. Therefore, the high quality development of
saline agriculture is the important part of sustainable development of the region, while the development
of high-quality agriculture in saline land is an important challenge. Based on the major strategic needs of
the country, the current situation, and major problems of the development of the Yellow River Delta, this
study puts forward a new model of efficient agricultural development in the saline-alkali areas of the
Yellow River Delta, as well as some suggestions for the future ecological protection and high-quality
development of the region. This study is also of great significance for the efficient development of saline
land in China.
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Abstract: The Yellow River Delta is a young delta, a new land, and a young ecosystem in the world. Its ecological
environment is fragile, and the interaction among the river, the sea, and the land forms a unique geographical environment. The salinization of land and the wide distribution of saline-alkali land are two of the main features of the
region, and agriculture is one of the leading industries in the region. Agricultural development is related to the efficient use and rational distribution of water resources, the protection of the estuary wetland and the ecological environment, and the efficient development and safety of land resources in this region. It is also about the overall
development of land and sea, as well as the revitalization of the countryside. Therefore, the high-quality development of saline agriculture is an important part of sustainable development of the region, while the development of
high-quality agriculture on saline-alkali land is an important challenge. Based on the major strategic needs of the
country, the current situation, and major problems of the development of the Yellow River Delta, this study puts
forward a new model of efficient agricultural development in the saline-alkali areas of the Yellow River Delta, as
well as some suggestions for the future ecological protection and high-quality development of the region. This study
is also of great significance for the efficient development of saline-alkali land in China.
DOI: 10.16418/j.issn.1000-3045.20200106001-en
Keywords: the Yellow River Delta; high-quality development of agriculture; ecosystem engineering

supply and demand in this region is basically satisfied. The
supply of foreign water (from Yellow River) resources is
2.17 billion cubic meters, accounting for 53.4% of the total
water supply [4], which is an essential source of freshwater
resources in this region. (3) Abundant biological resources.
The Yellow River Delta boasts abundant halophyte resources and animal resources (especially aquatic animals)
that can be exploited and utilized. Dongying Estuary Wetland Reserve is a typical estuarine coastal wetland in China,
as well as an important station of bird migration, exhibiting
significant ecological functions. Therefore, the delta has
become a scientific research base for ecological protection,
agricultural development, resource utilization, and sustainable development, as well as an experimental area for
the coordinated development of ecology and economy,
which has been highly concerned by the state.
Land salinization and wide distribution of saline-alkali
land are two of the main features of the Yellow River Delta.
Agricultural development not only involves the efficient use
and rational distribution of water resources, the protection
of estuarine wetland, the environment friendliness, the efficient development and safety of land resources, and
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The Yellow River Delta, a young delta, a new land, and a
young wetland ecosystem, presents the unique geographical
environment of river–sea–land interaction [1,2]. Located at the
end of the Yellow River, the Yellow River Delta has the following conditions favorable for agricultural development. (1)
Rich land resources. At present, the Yellow River Delta has
nearly 8 million mu (1 mu = 666.7 m2) of unutilized land,
with 0.81 mu of unutilized land per capita, 45% higher than
the average level of eastern coastal areas in China. Among
the unutilized land, saline-alkali land, wild grassland, mud
flat, and shallow sea cover the area of 2.7 million mu, 1.48
million mu, 2.12 million mu, and 15 million mu, respectively [3]. (2) Good water and heat conditions. The Yellow
River Delta presents a temperate monsoon climate with
sufficient sunlight, rain and heat in the same season, moderate temperature, and four distinct seasons. Specifically,
this region has an annual mean temperature of 12.2 °C, the
frost-free period of 211 days, the ≥ 0 °C annual accumulated
temperature of 4 713.5 °C, the ≥ 10 °C annual accumulated
temperature of 4 245 °C, and the annual mean sunshine
duration of 2 629 h, which can basically meet the needs of
three harvests in two years. Moreover, the balance of water
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land–sea coordinated development, but also relates to the
rural revitalization of this region. The existing 8 million mu
of saline-alkali land in the Yellow River Delta is mainly
near the coast, with low elevation and high salinity (generally 0.6%–1.0% and even above 3%), which makes it difficult to ameliorate the saline-alkali land in this region [5–7].
Therefore, the high-quality development of agriculture on
saline-alkali land has become an important link of sustainable development in this region, which faces great challenges. It is of great significance for the ecological
protection and high-quality development of the Yellow
River Delta as well as for that of saline-alkali land in China
to explore the concept, theory, model, technical system, and
production method for the agricultural development on
saline-alkali land.

1.1 Amelioration and efficient use of saline-alkali
land
The primary challenges to agricultural development in the
Yellow River Delta are the serious land salinization, as well
as wide distribution and hard amelioration of saline-alkali
land. The distribution and salinity of saline-alkali land in the
Yellow River Delta are strongly influenced by seawater and
climate conditions. (1) Spatial distribution. Affected by
seawater encroachment, the soil in the coastal area has high
salt content while the farmland far from the coast has low salt
content. Due to the lateral infiltration of fresh water from the
river and sufficient water for irrigation, the soil salt content is
low in the farmlands on both banks of the river (Figure 1a).
(2) Temporal distribution. In spring and autumn, the accumulation of salt in the surface soil leads to the high soil salt
content. Summer is the rainy season, which is characterized
by the downward process of salt. However, because of the
shallow groundwater level and high groundwater salt content,
the presence of upward and downward move of salt may
affect water and fertilizer management in this region. (3)
Planting distribution. Rice is generally planted in the area
with sufficient water resources, convenient irrigation, and
high soil salt content. Cotton is mainly cultivated in the area
with soil salinity of 0.2%–0.4%, and the wheat-dominated
rotation system in the area with soil salinity below 0.2%
(Figure 1b).
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1 Challenges to the agricultural development
of saline-alkali land in the Yellow River Delta

development with ecological protection and sustainable resource utilization, this region is facing great challenges.
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In his speech at the Symposium on Ecological Protection
and High-Quality Development in the Yellow River Basin,
General Secretary Xi Jinping puts forward the concept of
lucid waters and lush mountains being invaluable assets and
the necessity of conservation and intensive use of water resources. As an important region in the estuary of the Yellow
River, the Yellow River Delta with river–sea–land interaction
is the industrial (petroleum)–agriculture–wetland complex
region. Shouldering the task of balancing economic

Figure 1

Distribution of saline-alkali land (a) and planting distribution (b) in Dongying City
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1.2

Water shortage and efficient utilization
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The soil salt accumulation is severe in the offshore
saline-alkali land. Due to the low altitude, shallow
groundwater depth (1.0–2.0 m), serious seawater encroachment, high groundwater mineralization, and high
salt content in soil parent material, and high evaporation
capacity, the offshore land is characterized by high soil salt
content, poor structure, and rapid accumulation of salt in
the surface soil. The continuous and massive accumulation
of salt in the surface soil of coastal saline-alkali land limits
the performance of traditional soil amelioration methods
including engineering methods (digging of deep groove for
drainage and salt elimination, drilling of wells for extraction of groundwater to lower the groundwater level),
chemical methods (gypsum method for the replacement of
Na+), and biological methods (planting of salt-tolerant
crops). As a result, the amelioration of saline-alkali land in
this region is tough.

Figure 2

Evapotranspiration in the Yellow River Delta
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Another major challenge for the high-quality development
in the Yellow River Delta is water shortage. The current water
supply of the Yellow River Delta is 3.78 billion cubic meters,
of which foreign water resources (from the Yellow River)
account for 53.4% of the total water supply. Agricultural
water consumption accounts for 80.4%, which indicates that
agriculture is the main water user in the Yellow River Delta,
and the ecological water consumption is minimal [7]. Therefore, the water supply of the Yellow River is not evenly distributed in time and space, and the ecological water demand
of the wetland is easily occupied by the water of industry,
agriculture, and city, all of which may lead to the degradation
risk of the wetland ecosystem.
According to the measured data of daily air temperature,
wind speed, relative humidity, and sunshine duration at 12
meteorological stations of Dongying City and Binzhou City
in the Yellow River Delta from 2005 to 2014, the evapotranspiration (Figure 2) and water consumption of major
crops (Table 1) in this region are calculated using the Penman
formula and crop coefficient recommended by the Food and
Agriculture Organization (FAO).
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The growth of rice, ryegrass, and alfalfa need much water
and thus consume the most water of irrigation. If the water
consumption of salt leaching is added, the current water
consumption will increase by 100–200 m3/mu. Therefore, the
crop water demand and irrigation water consumption should
be considered in the optimization of planting structure.
From 2005 to 2015 in Dongying City, the cultivated land
area increased by nearly 600 000 mu, while the agricultural
water consumption decreased. In 2015, the cultivated land
area in the city was 3.35 million mu. Based on the average
water consumption of grain crops of 300 m3/mu, the total
water demand was 1.003 5 billion cubic meters. However, the
agricultural water consumption in 2015 was only 572 million
cubic meters, with a gap of 432 million cubic meters [4]. In the
case of fixed amount of water resources, it is necessary to
take into account the water resources consumed by salinealkali land amelioration and planting crops, the economic
benefits of agriculture, and the overall planning and layout of
planting system in the Yellow River Delta.

Table 1

Water consumption of major crops in the Yellow River Delta
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1.3 Impact of agricultural production on land–sea
environment
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The planting industry in the Yellow River Delta mainly
relies on the massive application of fertilizers, pesticides, and
mulching. Low utilization rates of chemical fertilizer and
pesticide caused by soil salinization, high groundwater level,
strong salt ion exchange, and serious leaching loss of nitrate
are the main causes of environmental non-point source pollution in this region. In 2015, the fertilizer was applied at a
ratio of 35.7 kg/mu to the cultivated land in Dongying City,
and about 65% of the fertilizer would enter the soil and
groundwater [7]. The soil nitrate content, available phosphorus content, and available potassium content in greenhouses
over 10 years were 4.7–6.4, 4.6–16.3, and 1.4–2.7 times,
respectively, as high as that outside greenhouses. According
to 2018 Statistical Bulletin of Economic and Social Development in Dongying City published by the National Bureau
of Statistics, the groundwater nitrate pollution in the protected cultivation areas was serious, with the highest content
27 times of the standard [8].
Sheep farming, together with the emerging farming of
pigs, chicken, and ducks, makes the Yellow River Delta under the pressure of environmental pollution caused by manure. Moreover, the high residue of heavy metals such as
copper (Cu) and cadmium (Cd) in manure leads to the heavy
metal accumulation in soil caused by long-term application of
manure, which aggravates the environmental pollution [5].
The land–sea interaction in the Yellow River Delta leads to
strong mutual impacts of ecosystems, cross distribution of
farmlands and wetlands, and intense exchange of material
and energy. Therefore, the non-point source pollution of
planting and breeding in this region not only affects the land
environment but also has a shorter, larger input path and more
difficult control of pollutants offshore, resulting in greater
environmental pressure than in other agricultural areas. The
protection of the land–sea environment while developing
agricultural production is another major challenge for
high-quality development in this region.

18.8%, and 3.5%, respectively, compared with that in 2016.
According to the data of Binzhou Municipal people’s Government, the grain sown area of Binzhou City in 2017 was
7.84 million mu, showing an increase of 14.7% over that in
2016 [10]. Specifically, the sown area of wheat and maize was
3.736 7 million mu and 4.020 7 million mu, respectively; the
sown area of cotton was 0.604 million mu, 38.4% less than
that in 2016; the total sown area of fruits and vegetables was
0.805 million mu, which decreased by 6.5% compared with
that in 2016 and the corresponding yield reduced by 4.8%.
The change of planting structure in the Yellow River Delta
poses a challenge to the local agricultural benefits. Affected
by the decline of cotton price in recent years, the planting
area of cotton on saline-alkali land has been greatly reduced,
while that of grain crops, especially the upland crops such as
wheat and maize, has expanded. Compared with that in the
cotton field, the water consumption of winter wheat–summer
maize field increased by 146.7 m3/mu (Table 1). In the context of limited water resources, the increase of irrigation
water led to the decrease of the income from “cotton for
grain,” which limits the further improvement of agricultural
economic benefits in this region.
Small scale of production and low level of modernization
are also obstacles to the improvement of agricultural production efficiency. According to statistics, the total area of
family farms in Dongying City is 0.434 million mu. Specifically, the family farms with the scale < 100 mu, 100–500 mu,
500–1 000 mu, and >1 000 mu account for 30%, 43%, 15%,
and 12%, respectively [11]. Large-scale planting can promote
the application of agricultural machinery and equipment,
popularization of new technology, standardization of production management, thereby improving economic benefits.
However, according to the status of land resources in the
Yellow River Delta, the large farms with a scale over 1 000
mu occupy a low proportion.
At present, the traditional planting–breeding mode is still
dominant in the Yellow River Delta, with relatively low crop
yield, quality, and benefits. For the local wheat–maize rotation, the benefit of high-yield field is about 1 235 CNY/mu,
and that of moderate- and low-yield fields is about 565
CNY/mu. The benefit of rice planting is about 462 CNY/mu.
The benefit of cotton planting on saline-alkali land is about
195 CNY/mu. With the increase in salt content in
saline-alkali soil, the income of agricultural input decreases,
which indicates the appearance of a bottleneck in the improvement of agricultural economic benefits and farmers’
income.

1.4
Improvement of economic efficiency of
agriculture

The planting structure in the Yellow River Delta is basically composed of grain, cotton, and vegetables. Because of
the wide distribution of saline-alkali land, agricultural production here is mainly affected by soil quality and water
resources. According to Optimization of Planting Structure in
2017 released by Dongying Municipal People’s Government [9], the total sown area of crops in Dongying, 2017 was
4.534 6 million mu, which decreased by 3.3% compared with
that in 2016. Specifically, the sown area of grain crops
reached 3.666 2 million mu in 2017, which increased by 5.4%
compared with that in 2016, while the sown area of cotton,
vegetables, and oil crops was 0.554 0 million mu, 0.197 1
million mu, and 19 100 mu, which decreased by 34.0%,

2 A new model for agricultural development
of saline-alkali land in the Yellow River Delta
In view of the challenges faced by the agricultural development of saline-alkali land in the Yellow River Delta, a
new efficient model of planting–breeding system on the
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Figure 3 Diagram of planting–breeding system and integrated
agriculture on saline-alkali land

follows the principles of ecosystem structure and function,
ecological balance, and food chain cycle. It gives full play to
the coordination among plants, animals and microorganisms,
and aims to achieve soil health, sustainable and stable
productivity, high and stable yield, significant increase in
economic benefits, and overall improvement in ecological
environment. Therefore, it is a production system with clean,
①
②
safe , smooth and efficient
circulation of energy and
matter. Functional beneficial microorganisms play a key role
in the transformation of all biomass resources produced by
the planting system to the flow and transformation of energy
matter in the food chain. For the application of this model in
the Yellow River Delta, the following work should be done
well.
(1) Salt content grading and planting area partitioning
based on soil and water resources on saline-alkali land. According to the salt content, the soil is graded into four levels:
healthy, mild, moderate, and severe saline-alkali land. Based
on the level of soil salt content, the planting area is partitioned into the grain, high-quality forage grass and
salt-tolerant cash crop zones. In addition to the salt tolerance
of crops, water use efficiency, climate adaptability, and
availability should also be considered for the partitioning of
planting area.
(2) Structure optimization of planting–breeding system.
According to the local and resource conditions on the salinealkali land, the structure of planting–breeding system should
be optimized using system engineering method from the
aspects of economic benefits, environmental constraints, and
resource constraints to achieve maximum economic benefits,
efficient resources utilization, environmental impact minimization, and balance of biomass cycle in the system.
(3) Technology integration. In terms of soil amelioration,
fertility improvement, plant growth conditioning, and supporting agricultural machinery, the technologies and products
should be selected and integrated according to the principles
of cost saving, environmental protection, and efficiency improving.
(4) Monitoring of water and salt dynamics on farmland.
Based on the optimized planting structure and technology
integration scheme, information technology should be applied to the monitoring of soil water and salt dynamics. The
scheme should be timely adjusted based on the soil water and
salt conditions, and effective measures should be taken to
eliminate the harm of salt and alkali in time.

2.1
Overall framework of planting–breeding
system on saline-alkali land

2.2 Amelioration of coastal saline-alkali land by
planting–breeding system

The planting–breeding system on saline-alkali land

The application of ecosystem engineering technology to
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saline-alkali land is proposed. The planting system should be
established based on the ecosystem theory, ecological engineering technology, and local conditions. This planting system (salt-tolerant forage grass) should be further combined
with breeding, bio-organic manure production, saline-alkali
land improvement, and fertility enhancement for the construction of an ecologically circular agricultural ecosystem of
saline-alkali land. With the integration of intelligent agricultural machinery and modern information technology, the
saline-alkali land can be explored for the development of
grass-based animal husbandry and modern integrated agriculture. The application of integrated planting pattern (high
input and high output) on saline-alkali land can improve the
utilization efficiency of water and fertilizer and increase the
economic benefits (Figure 3).

______________________________________

① Clean and safe refers to controlling of the input of harmful substances in the whole planting–breeding system to ensure the safety of agricultural products,
by-products, and wastes.
② Smooth and efficient means that in the whole system, all agricultural wastes of organic materials are input in the circulation to realize the efficient transformation and utilization of energy materials for achieving economic efficiency, environmental friendliness, and resource efficiency, which can promote the
high-quality development of agriculture on saline-alkali land.
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comprehensive supporting technology is adopted for the land
with salinity above 0.5% in the arable layer for three consecutive years. After the amelioration, the yield of winter
wheat can reach 300 kg/mu in the first year and 400–450
kg/mu in the third year. The soil conditions three years after
amelioration are shown in Table 2.
The application of bio-organic manure not only increases
the content of soil organic matter but also rapidly changes the
soil aggregates. The microstructural characteristics of salinealkali soil have been significantly affected by different
treatments. As shown in Figure 4, the soil treated with
bio-organic manure is characterized by loose aggregates and
complex interconnected pore structure. The total porosity of
soil treated with bio-organic manure reaches 14.67%, significantly higher than that treated with manure (13.55%) and
fertilizer (12.92%). This result indicates that microbial agent
can rapidly improve the soil structure, inhibit accumulation
of salt in the surface soil, and significantly reduce the soil salt
content.
In addition to the amelioration of soil structure, the application of bio-organic manure produced by the planting–
breeding system on saline-alkali land has improved the soil
physical, chemical, and biological properties, providing the
material for soil amelioration and further efficient and integrated planting on saline-alkali land.
(1) Rapidly improving the soil organic matter. After
adoption of this technology, the soil organic matter increases
from 13 g/kg to over 16 g/kg.
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the structure optimization of planting–breeding system can
restore ecosystem function and drive the biomass cycle on the
saline-alkali land. The manure produced can increase the
content of organic matter and activate soil microorganisms to
rapidly improve the soil structure and solve the technical
problems for the amelioration of coastal saline-alkali land.
Soil organic matter is an important index to characterize
soil quality and maintain soil function. Its content is influenced by soil structure and the biochemical process of
soil–crop–atmosphere system. The analysis of soil sampled
in the Yellow River Delta shows that the content of soil organic matter is closely related to that of soil salt. When the
organic matter content of surface soil reaches 19.1 g/kg or
above, the migration of salt from subsoil to surface soil could
be restrained [12]. Based on the experiments in the farmlands
with different salinization degrees in the Yellow River Delta,
a comprehensive supporting technology for the soil amelioration by bio-organic manure, the rapid soil aggregate formation, and the prevention and control of accumulation of
salt in the surface soil has been established. In the first year of
amelioration, the salinity in the surface soil is controlled
below 0.3% by desalination measures and the application of
bio-organic manure, and salt-tolerant wheat cultivars (e.g.,
‘Xiaoyan 60’), cotton or salt-tolerant grass are planted in
autumn. In the second year, the salinity in the surface soil
decreases to less than 0.2%. Therefore, the salt-tolerant
winter wheat cultivars can still be planted and maize
can be planted after winter wheat harvest in summer. The
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Table 2 The content of organic matter and salt in the 0–10 cm soil layer under different fertilization treatments three years after
amelioration

Note: F refers to fertilizer; FM refers to combined application of fertilizer and 500 kg/mu manure; FBM refers to combined application of fertilizer and 500
kg/mu bio-organic manure (with microbial agent).

Figure 4

Soil pore structure under three fertilization treatments three years after amelioration

(a) Soil treated with chemical fertilizer; (b) Soil treated with chemical fertilizer + manure; (c) Soil treated with chemical fertilizer + bio-organic manure.
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should be optimized for the allocation of resources. The
planting should be carried out according to the local soil and
water conditions. A modern planting–breeding system with
the optimal allocation of grain, grass, animal husbandry, and
cash crops on saline-alkaline land should be developed based
on the land efficiency and water resource efficiency. In this
way, the effective circulation of energy and matter as well as
the balance of ecological and economic benefits can be
achieved.
(2) Establishing the service center of agricultural big data.
Due to the frequent soil water and salt movement, strong
land–sea interaction, changeable climatic conditions, the
agricultural ecosystem features poor stability and the agricultural production faces severe management difficulty in the
Yellow River Delta. In particular, because of the cross of
different systems such as agriculture, city, petroleum, industry, and wetland, the balanced and coordinated development
requires accurate knowledge of the environmental change
and agricultural production status in the Yellow River Delta.
It is recommended that remote sensing technology, sensor
technology, and client information acquisition technology
should be used to build an environment monitoring network
covering the Yellow River Delta, and a big data service center
should be established to provide support for the high-quality
development of agriculture in this region.
(3) Focusing on green agricultural development. The
high-quality development of agriculture is associated with
the ecological and environmental quality. The awareness that
lucid waters and lush mountains are invaluable assets should
be popularized. Only green agriculture can guarantee the
high-benefit development. Agriculture has the largest coverage area, the closest relationship with natural factors, and
strong ecological service function in this region, and thus the
development of organic agriculture and ecological agriculture should be encouraged. Ecological principles, functions,
and elements should be integrated into the agricultural production. Modern biotechnology, modern information technology, and modern agricultural machinery should be
integrated for the development of modern eco-agriculture and
the establishment of model and technical system for modern
eco-agriculture on the saline-alkali land.
(4) Innovating the efficient integration mechanism of
technology and industry. High-quality development of the
Yellow River Delta requires scientific and technological
innovation, personnel, industrial development, financial
resources, and policy support. At present, however, the integration of technology and industry in this region is still not
active. The market should be taken as the leading force and
industry as the driving force to innovate the integration
mechanism. It is suggested to set up a technology and industrial integration fund for high-quality agricultural development in the Yellow River Delta, with the support from the
government, enterprises, and finance. The science and technology innovation teams should be encouraged to start their
own business or integrate into enterprises for innovation, and
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(2) Improving the utilization rate and efficiency of chemical fertilizer. After application of bio-organic manure, the
adsorption capacity of soil to nitrogen is improved; the loss of
fertilizer is reduced by 10%; the utilization rate of fertilizer is
increased by 8%. Furthermore, it reduces the ammonia volatilization by 15% and the nitrogen leaching loss by 10%,
while increases the soil total nitrogen by 10%. The application of chemical fertilizer to protected vegetables is reduced
by more than 30%. This measure promotes the release of soil
potassium and increases the content of available phosphorus.
(3) Improving the water retention ability and moisture
content of surface soil. Approximately, this measure saves 26
m3/mu of irrigation water for wheat and 30 m3/mu of irrigation water for maize. The yield of wheat and maize is 604
kg/mu and 685 kg/mu, respectively.
(4) Preventing soil-borne diseases and insect pests, and
improving crop resistance to diseases and pests. The continuous application of manure and microbial agent inhibits
the occurrence of wheat sharp eyespot, with the control efficiency up to 45%, and it increases the wheat yield by
11.6%–15.2%. This measure has the control efficiency over
65% for root-knot nematodes in vegetable field and increases
the yield by more than 10%. During the whole growth period
of protected vegetable, there is basically no disease, even in
the case of continuous cropping. Besides, this measure improves soil quality, reduces the use of chemical pesticides by
100%, and increases the quality of agricultural products.
(5) Promoting the rapid decomposition of straw. In the
growing season of winter wheat, the decomposition of maize
straw in the field with the application of bio-organic manure
is accelerated from seedling emergence to overwintering
stage, with the rate 6.13% higher than that in the general soil
at the time point of 60 days. In the growing season of summer
maize, the decomposition rate of wheat straw in the field with
the application of bio-organic manure is also accelerated at
the early stage, with the rate 2.22%–5.62% higher than that in
the general soil at the time point of 50 days.

3 Thinking of implementing the planting–
breeding system on saline-alkali land and promoting the high-quality development of agriculture in the Yellow River Delta

According to the natural resource conditions of the Yellow
River Delta and the principle of ecological priority and
high-quality development, the planting–breeding system
should be employed in the saline-alkali land to promote
high-quality agricultural development in the Yellow River
Delta.
(1) Drawing a blueprint for high-quality agricultural development. According to the distribution of saline-alkali
land, water resources endowment, and economic benefit
target in this region, the agricultural production structure
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the establishment of innovation laboratories should be encouraged in enterprises to jointly solve the technical problems faced by high-quality agricultural development in the
Yellow River Delta.
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